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The presence of alien flora in natural area 
grasslands of the Great Basin and surrounding 
areas is of considerable concern, given the eae 
spread success of alien flora and associated 
decline of native species in this region (Young et 
al. 1972, Mack 1986, 1989). Surveys of indige- 
nous bunchgrass communities in northern 
Rocky Mountain national parks have detected 
the occurrence of several alien plant species 
(Koterba and Habeck 1971, Stringer 1978. 
Weaver and Woods 1985, 1986, Tvser and 
Worley 1992). In addition, alien species have 
commonly been used to revegetate human-dis- 
turbed sites such as roadsides an housing areas 
in national parks. Livestock-related artroeice 
tion of Eurasian pasture grasses by priv ate out- 
fitters is also known to have occurred (Glacier 
National Park Records 1939). However, in spite 
of these observations and practices, the effects 
of alien vegetation in natural area grasslands of 
this region remain poorly studied. 

This study compares the indigenous vascular 
flora and cryptogamic ground cover associated 
with two alien species, Centaurea maculosa 
Lam. (spotted knapweed) and Phleum pratense 
L. (common timothy), that have invaded a 
fescue grassland in Glacier National Park, Mon- 


tana. C. maculosa, now a noxious rangeland 
invader throughout the Pacific Northwest 


(Watson and Renney 1974, Lacey 1989), was 
first detected in the park i in the mid-1960s (R. 
Wassem, personal communication). Earlier 
observations have shown that this species is 
expanding into grasslands adjacent to roadsides 
in the park and reducing species richness (Tyser 
and Key 19SS). The impact of C. maculosa on 
the cryptogamic ground crust—of potential 
importance in soil stabilization, moisture reten- 
tion, and nitrogen fixation (Rychert and Skujins 


1974, Anderson et al. 1982, Brotherson and 
Rushforth 1983)—has not vet been considered, 
nor has the impact of C. maculosa been com- 
pared to that of other alien species. P. pratense 
is widely distributed throughut the park’ s grass- 
lands. Unlike C. maculosa, fine species appears 
to have been intentionally seeded in grasslands 
by outfitters before the 1940s and along road- 
sides by park personnel before the 1980s (1; 
Lange and J. Potter, personal communication). 





STUDY SITE AND METHODS 


The ca 10-ha study area, located adjacent to 
Going-to-the-Sun Highway in the St. Mary 
aane age of Glacier Neon! Park, Montana, is 
fairly topographically homogeneous, i.e., clearly 
defined drainage channels are agent and 
slope, exposure, and substrate texture are rela- 
tively uniform. The study area includes a large 
(ca5 ha), irregularly shaped stand dominate dby 
Phlenrn prate nse and a small (ca 0.L ha) stand 
adjacent to the roadside ditch dominated by 
Centaurea maculosa. The Centaurea stand 
extends >20 m away from the ditch and is not 
part of the road-cut corridor. The remaining 
portion of the study site is composed of a stand 
of native Festuca ¢ grasses and associated \ ‘egeta- 
tion in which invasion by alien species has io n 
minimal. Though no homesteading i is known to 
have re Lars study area before establish- 
ment of the park in 1910, this area was likely 
used as summer pasture for concession trail 
horses from approximately 1915 to 1940 (B. 
Fladmark, personal conmunication). The study 
area has not been used for stock grazing since 
that time. Othenvise, there is no indication that 
any of the areas sampled in the three stands have 
been subjected to anthropogenic disturbance 


Department of Biology and Microbiology. University of Wisconsin-La Crosse. La Crosse, Wisconsin 54601 


189 


190 


since the park was established. In addition, no 
fires have been recorded in or near the study 
area since L910. A cryptogam ground layer com- 
posed of smal] lichens and mosses covering 
nndisturbed soil surfaces is commonly present. 
Qualitative observation suggests that mosses are 
the dominant element in this layer. Mean annual 
precipitation in the study area is ca 65 cm 
(Finklin 1986). 

In each stand, vegetation was sampled using 
20 x 50-cm quadrat ees along two transects 
placed in representative areas. Within each 
quadrat, presence of all vascular species was 
determined, and the canopy cover of each vas- 
cular species and the surface cover of the cryp- 
togamic ground crust were estimated to the 
nearest percentage. A stratified random sam- 
pling procedure was used in which quadrats 
were randomly placed along transect segments 
of fixed length. For the Centaurea stand, tran- 
sects were 20) m long, and one quadrat was 
randomly placed within each 2-m segment (N = 
20 quadrats). For the Phleum Baa Festuca 
stands, transects were 100 m long, and one 
quadrat was randomly placed men each 5-m 
segment (N = 40 quadrats per stand). 

Five vegetation measures were calculated 
for each individual quadrat: (1) vascular species 
cover diversity using the Shannon-Wiener index 
(IP =—- Xp, log g p,), (2) vascular species richness, 
(3) cumulative c canopy cover of native forb spe- 
cies, (4) cumulative canopy cover of native grass 
species, and (5) surface cryptogam cover. One- 
way ANOVAs were used to assess among- stand 
differences for each of these quadrat measures. 
With the exception of the diversity measures, 
data did not meet parametric assumptions 
(normal distributions, homogeneous variances) 
and could not be Ennion using standard 
logarithmic, arcsine, or square root eran ma- 
tions. Therefore, data were analyzed by the 
Kruskal-Wallis nonparametric one-way 
ANOVA procedure as described by Conover 
and lan (1983). The Tukey multiple compari- 
son procedure, applicable to both parametric 
and nonparametric ANOVAs (Conover and 
Iman 1981), was used to make pair-wise among- 
stand comparisons. Species nomenclature fol- 
lows that of Hitchcock and Cronquist (1973). 


RESULTS AND DISCUSSION 


Prominent graminoid and forb species in the 
Festuca stand included Achillea millefolium, 
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Carex spp., Festuca idahoensis, F. scabrella, 
Gaillardia aristata, and Lupinus sericeus (Table 
1). Species composition of this stand was similar 
to prairie communities described elsewhere in 


the Pacific Northwest, e.g., the Festuca 


scabrella/F. idahoensis association of western 


Montana (Mueggler and Stewart 1980), the 
Festuca/Danthonia prairie of Alberta (Stringer 
1973), and the Washington Palouse prairie 
(Daubenmire 1970). Estimated surface cover of 
the cryptogam layer in this stand was relatively 
high, characteristic of western bunchgrass prai- 
ries (D Daubenmire 1970, Mack and Thompson 
1982). Three alien species were sampled within 
the Festuca stand, though total cover of these 
species was <1.0%. 

Significant among-stand variation occurred 
for all community measures (Table 2). Each of 
these measures was lowest in the Centaurea 
stand. Canopy cover of native forbs and crypto- 

gam ground cover in this stand were particularly 
low, only ca 18% and 4%, respectively, of the 
corresponding Festuca stand measures. Thus, 
effects of the Centaurea maculosa invasion on 
the native flora in the study site appear to be 
relatively severe. The impact of this species is 
even more impressive considering its relatively 
recent entry into the park. 

All but one of the Phlewm stand measures 
were significantly lower than those of the 
Festuca ence Table 2 ). Canopy cover by native 
graminoids in the Phieum stand was reduced to 
about 50% of its level in the Festuca stand. 
However, forb cover differences between these 
two stands were not. statistically significant 
(Table 2). Three species (Achillea millefolinim, 
Agoseris glauca, and Lupinns sericeus) were 
among a four forb species with highest canopy 
cover in each stand, suggesting Bar the forb 
components of these two stands were relatively 
similar. These observations suggest that Phleuwm 
invasion has affected native graminoids more 
than native forbs. It should also be noted that 
while mean quadrat richness was lower in the 
Phlewm stand (Table 2), eight more species were 
recorded in this stand than in the Festuca stand 
(N =59 vs. N = 51: see Table 1). Thus, different 

Phleum vs. Festuca richness patterns may occur 
if comparisons are deris ed from sampling units 
larger than the 0.1-m° quadrats used in this 
study: 

Cryptogam cover in the Phlewm stand was 


approximately 50% Jower than in the Festuca 
stand (Table 2). Mack and Thompson (1982) 
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TABLE 1. Canopy cover (%) estimates of species within the Festuca, Phleum, and Centaurea stands. 
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= alien species. 














Species Festuea = Phleum Centaurea Species Festuca = Phleum Centaurea 

GRAMINOLDS Epilobium angustifolinm 0.5 

Agropyron caninum 0.4 0.6 Erigeron subtrinervis 15 

Agropyron spicatum 0.3 0.3 Erysinuem inconspicuium 0.3 

Carex spp. 12.3 5.6 9.3 Fragaria virginiana <0).1 0.7 

Danthonia intermedia 5 0.9 Gaillardia aristata 19 0.6 ect] 

Festuca idahoensis 9.2 4.3 0.2 Galium borcale 0.6 1.8 (2 

Festuca scabrella ak 4.] ae Gentiana amarella be 0.7 

Helictotrichon hooker Od <0.1 Geranium viscosissimum  <O.1 2 

Koeleria cristata 14 0.4 =0:1 Hedysarum boreale OD 

Phleum pratense° 0.2 38.4 0.7 Heuchera cylindrica 0.1 O2 02 

Poa juneifolia <0. 1 Hieracium umbellatum 0.2 

Poa pratensis ° <0.) 0.9 1.0 funeus halticus L.0 

Stipa oceidentalis Bu | Lathyrus ochroleucus 2 

Stipa richardsonii 0.1 0.5 Lithospermum ruderale 1.9 3.9 0.7 
eee Lomatiuin triternatum 1.0 2.4 0.3 

Achillea millefolium hey 8.6 0.8 Lupinus Semel 3.6 6.0 <0.1 

Wey eee 40 43 Monarda fistulosa 0.6 

iene Sen 0] <(0.1 — Orthocarpus tenuifolius hg =] 

Amelanchier alnifolia 0.3 0.9 0.5 | CREO ECE sts a Un 

Androsaee septentrionalis 1.0 0.3 Oxytropis splendens 0.3 : = 

Anemone multifida 14 L0 oon Penstemon confertus 0.5 1.9 03 

Antennaria microphylla 0.8 0.3 Lt Potentilla grows 2 - 

Arabis glabra <0] Potentilla gracilis <0.1 O.+4 0.3 

hice 09 01 201 Potentilla hippiana 0.5 

Arctostaphylos uva-ursi 0.4 0.2 BN os, me 

Me lacois Ls 09 Rhinanthus erista-galli 0.9 O.-4 

Berberis repens 0] 06 03 Rosa woodsii 3 23 0.2 

Campanula rotundifolia 0.5 1.0 <0. 1 Silenc eae & Roem 0.4 0.1 <0.1 

Castilleja cusickii 03 <0] Sisyrinchium angustifolium 0.2 0.4 

Pinch ht 62.0 Solidago missouriensis 1.6 LS 0,2 

Cerastium arvense 4.0 3.1 0.7 Taraxacum officinale* Ore i a 

Colo linc aes 0 Tragopogon dubius® =a 0.4 

Comandra umbellata 0.5 0.3 Vicia americana 1.6 10 

Zigadenus venenosus <0.] 


TABLE 2. Among-stand een arisons of quadrat means for five vegetation measures. N = 40, 40, and 20 quadrats, 


respectively, for the: Festuca, Phleum, and Centaurea stands. 








Native Native Cryptogam 
Kl’ Richness graminoids forbs erust 
Festuca® 0.966" 14." 39.5" 48.4" 28.9" 
Phleum 0.872 12.9 19,2" 55.1" 15.1> 
Centaurea 0335. G22 ies $8? ee 
F297 90.0S4 41.150 53.807 40.596 31.535 
le <001 <.001 <.001 <,001] <.00] 


*Within each vegetation measure, means with different letters differ sigmficantly from one another (P< .05, Tukey multiple comparison tests 


The role played by pre-1940 horse grazing in 
the occurrence of Phleum in the study site 
cannot be assessed. Hlowever, the prominence 
of this species some 50 years after the cessation 
of horse grazing does indicate that ongoing live- 
stock grazing is ot necessary for its persistence. 
The more recent Centaurea maculosa invasion 
in the stndy site and in other fescue grasslands 
in the park (Tyser and Key 1988, Ty ser and 


suggest that the extensive rhizome-tiller mats of 
Eurasian grasses limit cryptogam colonization 
sites, Sich may account for the reduced eryp- 
togam cover observed in the Phileum stand. A 
large elk herd overwinters in the St. Mary valley 
grasslands in which the study area was located 
(Martinka 1983). Thus, it is possible that elk 
trampling/grazing may reduce cryptogam cover 
and facilitate Phleum invasion. 


Pe 


Worley 1992) suggests that livestock grazing is 
not a prerequisite tan successful invasion of nat- 
ural areas by this species. The success of both P. 
pratense and C. maculosa in the study site sug- 
gests that mechanisms Bignos’ for the success 
oe alien flora in agro-systems, e.g., rapid coloni- 
zation of disturbed sites, ee and physio- 
logical adaptations to grazing and trampling, 
hae low palatability (Mack and Thompson 1982 
and references therein, Lacey et al. 1986, 
Locken and Kelsey 1987, Kelsey and Bedunah 
1989), may also operate in natural area systems. 


In addition to overwintering elk, diggings of 


other native herbivores, especially ground 
squirrels (Spermophilus coleman). were 
common throughout the study area. At any rate, 
though the status and impacts of C. maculosa 
and P pratease require additional research, this 
study shows that the potential effeets of these 
species—particularly that of C. maculosa—in 
natural area bunchgrass prairies need to be seri- 
ously contem plated. 

Reduction of Phleun pratense is not a real- 
istic option in Glacier National Park or other 
natural areas in which this species is now widely 
established. Perhaps the most reasonable rec- 
ommendation for this species and other Eura- 
sian grasses 1s simply that resource managers not 
use fivese species for rev egetation ee also 
Wilson 1989). Centaurea maculosa, though 
potentially more ecologically disruptive Nar P. 
pratense, is at an euler stage of invasion in the 
park and probably in other ee areas in this 
region as well. Thus, the fate of this species may 
vet Pie influenced by appropriate resource man- 
agement actions. 
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